Time dependent effects on mass concrete in the early stages are studied. Three dominant phenomena, i.e. heat conduction, water diffusion and mechanical deformation, are evaluated separately. The effect of heat conduction and water diffusion on mechanical behavior of the structure is considered. The behavior of a concrete block immediately after casting is shown in a numerical example. The comparison between stress distributions induced by temperature changes, creep and shrinkage, is shown.
INTRODUCTION
Mass concrete is usually used in the construction of dams, large foundations etc. In these structures the main causes of deformations and eventual damage are inhomogeneous temperature distribution, creep and shrinkage in early age. The mechanical load (dead and live load) is of less importance.
There are three phenomena that have important effects on fresh concrete behavior: heat conduction, diffusion of water and mechanical deformation. It is assumed that the mechanical deformation does not affect the diffusion of water and heat conduction, which is a valid assumption. Furthermore, it is assumed that the diffusion of water does not influence heat conduction. This assumption may not be quite true, since the change of water extent in concrete causes the change of specific heat. Yet this relation is neglected.
Taking into account the above mentioned suppositions the three processes may be considered separately. The evaluation is de-coupled. In each time step, the following calculation is performed: the temperature distribution is determined first. This is the input for the calculation of the water content distribution. Finally, the deformation of the structure due to the temperature and the water content distributions is evaluated. These have important effects on the deformation of the structure and must be taken into account.
BASIC EQUATIONS

Heat conduction
The basic variable is temperature Τ which varies in space x, and time t. The governing differential equation (e.g. özisik [3] 
where ky, q g , ρ and c are the conductivity matrix, the generated heat, density and specific heat, respectively. The boundary and initial conditions may be summarized by the following equations where T" w, and q, are a prescribed temperature, the unit normal vector and a prescribed heat flux, respectively. The prescribed heat flux may be the result of convection, radiation and insolation. They are all a function of time. Since the radiation is a non-linear function of temperature, the problem is non-linear. The problem is non-linear also because the material properties may depend on the temperature and because the generated heat (i.e. heat of hydration) is a non-linear function of temperature.
The most important if not the only source of generated heat in fresh concrete is the heat of hydration. The generated heat of hydration depends on cement, temperature, time, etc., and is calculated by the product of adiabatic heat q a and maturity function / 9g = la f (3) Adiabatic heat q a takes a functional form proposed by Ammar et al. [1] q a = A + Β exp (4) where A, B, C, and D are constants to be determined from experimental data by the least squares method. Various maturity functions have been proposed by different authors; here the Arrhenius -RazafindrakotoMorlier maturity function is used (Roy et al. [4] ).
Diffusion of water
In the diffusion of water, relative humidity A, which is defined as the ratio between the vapor pressure in unsaturated and saturated state, plays the role of the basic parameter. The governing differential equation is very much like the heat conduction differential equation
where k h , dhjdt, b T c h are sorption-desorption coefficients, the rate of changing of the relative humidity due to the hydration process, and diflusivity, respectively. In general the boundary condition may be defined by the equation
where h a is the relative humidity of the surrounding air, and Β is the coefficient of the water transmission at the surface. As in the heat conduction, this is a typical non-linear problem since the material properties k h , and c h depend on relative humidity h.
Deformation in concrete
There are several assumptions which were assumed to have the calculation feasible: (1) the deformation, the rate of deformation and the speed of the water are assumed to be small. Therefore, the relationship between the stresses and strains can be taken to be linear. (2) The material is assumed to be isotropic. As a result, the volumetric deformation is de-coupled from the deviatoric deformation. The volumetric stress and strain are
whereas the deviatoric stress and strains are
The relations between the volumetric stress and strain are given by the following equations (Bazant [2] )
where K, K c and K a are volumetric moduli, φ is the rate of the creep coefficient, <%> and a\ are thermal expansion coefficients. Similar equations are given for the deviatoric strains
where G, G c and G a are shear moduli, and ψ is the rate of the deviatoric creep coefficient. As it can be seen from these equations, deviatoric strain does not depend on temperature changes. In equations (9) and (10), the effects of shrinkage, creep and temperature distribution on volumetric and deviatoric deformation are accounted for.
NUMERICAL SOLUTION
Obviously, the set of differential equations presented in the last section can very seldom be solved analytically. Therefore, a numerical solution is sought. In our research the finite element method (see e.g. Zienkiewicz [3] ) is employed. Hence, the governing differential equations given by equations (1), (5), (9), and (10) and corresponding boundary conditions have to be written in their weak form Isoparametric 4-node and 8-node finite elements were used in discretization over the space. In time integration the two point direct integration scheme was taken.
In each time step, the temperature distribution is evaluated first. Next, the relative humidity distribution is evaluated. Finally, the stresses and strains are found based upon the temperature and humidity distributions, and mechanical loading.
NUMERICAL EXAMPLE
The main motivation for our research is to understand the mechanical behavior of mass concrete at early stage in large structures such as gravity dams. Dams are usually build in sections or blocks. In the paper the behavior of one concrete block immediately after casting is studied. The block and its dimensions are shown in Fig. 1 . Since the 3-D calculation may be computationally very demanding, only 2-D and 1-D finite elements models were considered. In the former, the symmetric plane of the block (Fig. 1) is studied. In order to estimate the effect of boundary, the 1-D model was used to describe the behavior of the block along its symmetric axis (Fig. 1) .
It is noted that it is very difficult to determine experimentally the material properties of the used concrete. The material properties of concrete change rapidly after casting. Since the material model used in this calculation is relatively complicated, the number of different moduli is large. A large number of expensive experiments have to be performed. For the purpose of the present study, these values were taken from the literature (Bazant [2] ).
The thermal parameters are assumed to be constant: k = 7200 J/mh°C, c = 1000 J/kg°C and ρ = 2500 kg/m 3 . The adiabatic curve by which the generated heat is evaluated is shown in Fig. 2 .
The volumetric and deviatoric moduli depend on relative humidity h, temperature Τ and the heat of hydration ratio Q g , i.e. ratio between the heat generated up to the studied time step and the total heat of hydration. Some relations between volumetric moduli K, K a and K c and heat of hydration ratio Q g , relative humidity h and temperature Τ are shown in Fig. 3 .
Similar functions are used for the rate of creep coefficient φ shown in Fig. 4 . The calculation of the temperature distribution shows that the temperature in the center of the block rises from 10°C initially to 57°C after approximately 60 hours. Afterwards the temperature decreases and is approximately 16°C after 650 horns. The temperature of the surrounding air is 15°C. The heat of symmetric V plane hydration ratio does not change much over the block and is as high as 90% after 40 hours and 99% 160 hours after casting.
Since it was not possible to find reliable values of water difiusivity parameters, the relative humidity distribution was not calculated. Instead, it was assumed that it decreases linearly with time from 1.0 at the beginning to 0.6 at the end of the calculation.
Three different parameters were studied in detail: the effect of temperature, the effect of heat of hydration ratio (aging of the concrete) and the effect of relative humidity. The factors were set in two levels (constant and time dependent value); therefore eight numerical calculations were performed. The experimental design is shown in Tab. 1. The stress σ" at the bottom of the block as a function of time for different types of calculation is shown in Fig. 5 . It can be seen that the effect of aging (changing heat of hydration) is relatively small. The stress in first several hundred hours is predominantly influenced by the changing temperature which is caused by the heat of hydration. The differences of the stress at the end of the calculation are smaller but still quite substantial. It is interesting that in the case of changing temperature and constant relative humidity the final stress is negative, whereas in the case of changing temperature and relative humidity the final stress is positive (tension). It is important to know where the largest stresses may be expected. Therefore the distribution of stresses along the vertical axis is shown in Fig. 6 . The largest compressive stresses arise in the middle of the block relatively soon after casting (50 hours). Later on some tension stresses develop which may induce damage since the tension strength of the concrete is considerably lower than the compression strength.
The calculation was repeated for the 2-D model. The results along the vertical symmetric axis are the same for 1-D or 2-D model. The differences are, however, considerable at the sides of the block. In Fig. 7 the deformed shapes of the block for two different boundary conditions (free side and restrained side) are shown Finally the effect of the insolation is studied. The upper boundary of the block is exposed to the insolation of the sun. Therefore the temperature in the upper part of the block changes during the day. The calculation was performed for the block built at a latitude of Ν 46° in March. The effect of aging, changes in relative humidity, heat of hydration, etc. are in this case not considered. It is found that the temperature changes only in the upper half meter of the block. The maximum difference of the temperature at point located 0.5m from the upper boundary is less than 0.5°C. On the upper surface the temperature changes quite vigorously: from 16.4°C at 6 AM to 28.1°C at 1 PM As a result of such temperature distribution the stresses develop. The stress distribution σ" is shown in Fig. 8 . These values are almost as high as those obtained in the previous calculation where the effects of the heat of hydration, creep and shrinkage are studied. Thus, it is important to include in calculation the effect of insolation, or some other constructional measures have to be employed during construction (e.g. shading). 
CONCLUSIONS
The quantitative evaluation of the behavior of massive concrete structures at an early age is given. The calculation was performed in three steps: the calculation of temperature distribution, the determination of relative humidity and finally the evaluation of the deformation of the structure. A typical example of mass concrete structures was studied: a block of concrete. The effects of different phenomena were estimated.
The most important effects were found to be the changes of temperature and relative humidity. The effect of aging was found to be less important, though not negligible. However, the effect of mechanical load (dead load) was virtually negligible.
Besides the effect of temperature changes due to heat of hydration the effect of insulation is found to be large. The stresses developed because of the insulation are almost as high as those developed due to the heat of hydration, shrinkage and creep.
